Abstract: Ion implantation is being used to fabricate silicon-nanocrystal (Si-nc) erbium-doped slot waveguide structures. Photoluminescence (PL) measurements are used to investigate the luminescent and erbium sensitisation properties while Rutherford backscattering spectrometry (RBS) is used to provide structural information. This study is a preliminary step toward development of active elements for silicon optical interconnects.
1 Introduction: Current optical interconnects and fibre optic cables operate either between separate computers or over longer distances. Using silicon slot waveguides, these interconnects could be scaled down to function between processors or even within individual chips, permitting further development of optical computing technologies [1] .
In recent years, development of photonic structures using erbium-doped silicon dioxide layers has generated great interest [2, 3] . Nanometre-scale slot waveguide structures were first proposed in 2004 [4] ; in these devices light is confined to a nanometre-scale low-index region between two high-index regions. Several groups have investigated formation of Er-doped slot-waveguide structures in deposited films [3, 5] . It has also been shown that it is feasible that optical gain can be achieved in such waveguide structures under pulsed excitation [6] . In these structures, Si-ncs are used as sensitisers to transfer additional energy to the Er ions and improve the emission.
Ion implantation of thermally-grown oxides offers an alternative pathway to formation of nanocluster-sensitised Erdoped slot waveguides. This approach has some potential advantages due to the fact that thermally-grown oxides of high quality and low-loss can readily be formed and ion implantation provides precise control of doping and is compatible with semiconductor processing. We are therefore investigating an ionimplantation approach to formation of Erdoped slot waveguides, using Si-ncs as sensitisers.
In this paper PL and RBS results are compared for samples fabricated under a range of processing conditions with the aim of optimising nanocrystal-erbium coupling and subsequent emission at 1.54 µm.
Experimental details:
Waveguide structures were fabricated on ~ 2 cm 2 pieces of silicon from a standard 4-inch <110> wafer. These samples had their native oxide stripped and regrown to a thickness of 35 nm. This thickness was chosen as a lower bound due to the minimum implantation depth of Er and Si.
The architecture of the fabricated structures was as follows; underlying standard bulk silicon (few hundred μm), with a 35 nm SiO 2 slot layer grown on top. These SiO 2 slots were implanted with Er and Si. Each sample was then divided in half, with one half having a 150 nm amorphous Si capping layer deposited on top of the SiO 2 slot layer, and the other half leaving the slot exposed. This capped structure is reflected in Fig. 2 . There are future plans to include a thick (1 μm) buried SiO 2 layer underneath the Si-slot-Si structure, which should further increase confinement. This is reflected in Fig. 1 .
Er and Si have been implanted into this SiO 2 layer at a range of fluences, but at consistent energies of 15 and 10 keV respectively. Varying the fluences allows for optimal concentrations to be determined.
The use of PL and RBS allows for detailed analysis of the waveguide structures. PL is able to distinguish between Er and Si-nc excitation signals, while RBS allows for structural information about the waveguides to be obtained that is useful in optimising fabrication conditions. PL measurements will be performed using a 532 nm laser on a Renishaw micro Raman spectroscopy system. Si-ncs show up as a broad band in the region 600 -900 nm, while Er has a sharp peak centered on 1535 nm (1.54 µm). RBS measurements are performed using the 5MV NEC pelletron accelerator at the University of Melbourne, using 2 MeV alpha particles, and the detector located at 35 o from the beam.
3 Results: Fig. 1 shows a CAMFR [7] simulation of the electric fields of the first two excited modes present in an ideal slot waveguide structure, showing strong confinement along the slot. The confinement strength is inversely proportional to slot thickness. Fig. 2 shows an RBS spectrum for a sample with a silicon capping deposited. The simulation using RUMP [8] overlaid in red shows that Er is present in an SiO 2 slot, above which is a Si cap. This indicates the structures have been fabricated as desired, with Er present in the SiO 2 slot with little diffusion.
Future PL measurements will allow for the coupling between the Si-ncs and Er to be investigated.
Conclusions:
Using photoluminescence and Rutherford Backscattering Spectrometry, this study allows us to investigate and compare the sensitisation effects of Si-ncs on the 1.54 µm Er emission line, with the goal to create an allsilicon slot waveguide for optoelectronic applications.
